Background: Glucocorticoid use is associated with increased risk of myocardial infarction, stroke, and heart failure, but data are limited on the risk of atrial fibrillation or flutter. We examined whether glucocorticoid use is associated with the risk of atrial fibrillation or flutter.
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LUCOCORTICOIDS ARE
widely used in the treatment of inflammatory and autoimmune diseases, such as chronic obstructive pulmonary disease (COPD), asthma, rheumatoid arthritis (RA), connective tissue diseases, inflammatory bowel diseases, chronic hepatitis, glomerulonephritis, and malignant neoplasms, as well as in organ transplantations. 1 Glucocorticoid use has several adverse effects that are established risk factors for atherosclerosis, such as hypertension, sodium and fluid retention, diabetes mellitus, and dyslipidemia. 2, 3 Treatment with high-dose glucocorticoids has been reported to increase the risk of myocardial infarction, stroke, and heart failure. 4 Atrial fibrillation is a common cardiac arrhythmia whose prevalence is above 10% in men 80 years or older. 5 It is associated with increased mortality and morbidity, mainly because of a 3-to 4-fold increased risk of ischemic stroke. 6 The existing literature with regard to glucocorticoid use and atrial fibrillation consists of 2 case reports and 2 case-control studies. Both case reports described episodes of atrial fibrillation after methylprednisolone pulse therapy. 7, 8 The 2 case-control studies, which involved 385 and 468 atrial fibrillation cases from the Netherlands and the United Kingdom, respectively, found an increased risk of atrial fibrillation among users of systemic glucocorticoids. 9, 10 However, the interpretation of these studies was hampered by restriction to COPD patients, 10 incomplete participation, 9 and relatively small sample size which yielded statistically imprecise risk estimates for subgroups. 9 Because atrial fibrillation is associated with severe complications and glucocorticoids are widely used, an association between glucocorticoids and atrial fibrillation has major public health implications. To address the limitations in the existing literature, we therefore conducted a large, population-based, case-control study to examine whether and to what extent use of systemic glucocorticoids is associated with increased risk of atrial fibrillation or flutter.
METHODS
We conducted this population-based, case-control study in Northern Denmark, within a population of 1.7 million (approximately 30% of the Danish population). The Danish National Health Service provides free tax-funded medical care for all Danish residents and partially reimburses costs of most physician-prescribed drugs. Only a few cardiologists work outside public hospitals in Denmark, and most patients with atrial fibrillation or flutter have their conditions diagnosed during hospital admission or at hospital outpatient clinics. The unique civil registration number assigned to every Danish citizen and included in all Danish medical databases allowed us to electronically link several medical databases. 11 For this study we used data from 3 different databases (the Danish National Registry of Patients [NRP], the prescription database of the region, and the Danish Civil Registration System [CRS]), merged into a research database at Aarhus University Hospital.
12,13
CASES OF ATRIAL FIBRILLATION OR FLUTTER
We used the NRP to identify all patients with an incident hospital diagnosis of atrial fibrillation or flutter from January The ICD-8 codes used to identify patients with atrial fibrillation or flutter were 427.93 and 427.94, and the ICD-10 code was I48.9. The single ICD-10 code includes both atrial fibrillation and flutter; however, it has been reported that more than 90% of patients registered with atrial fibrillation and flutter have atrial fibrillation and 5% had atrial flutter only. 16 We considered it appropriate to include both atrial fibrillation and flutter because they are often seen in the same patients and share risk factors and, to some extent, pathophysiologic factors. 17, 18 The positive predictive value of atrial fibrillation or flutter has been reported to be as high as 97% in the NRP. 19 We also obtained data from the NRP with regard to hospital procedure codes of cardioversions (treatment code BFFA0 in the Danish treatment classification) within the year after diagnosis of atrial fibrillation or flutter.
POPULATION CONTROLS
For each atrial fibrillation or flutter case, we used the CRS to select 10 population controls matched on age and sex. The CRS is updated daily and contains data on civil registration number, residence, migration, vital status (dead or alive), and exact date of death for all Danish residents since 1968. 11 The controls were selected by means of risk set sampling and assigned an index date identical to the hospital admission date for atrial fibrillation or flutter of the matched case.
GLUCOCORTICOID USE
All pharmacies in the region are equipped with electronic accounting systems, established to secure partial reimbursement of prescription expenses from the National Health Service. 13 The prescription database contains information with regard to the civil registration numbers of customers, the type and amount of drugs prescribed (according to the Anatomic Therapeutic Chemical [ATC] classification system), and the prescription fill dates. We used the prescription database to identify any prescription for systemic glucocorticoids reimbursed before the date of admission for atrial fibrillation or flutter or index date. We included prednisolone, prednisone, methylprednisolone, dexamethasone, and hydrocortisone (the ATC codes are provided in the eAppendix, http://www.archinternmed .com), which are usually prescribed for oral administration for outpatient use. We did not include triamcinolone acetonide, triamcinolone hexacetonide, or betamethasone, which in Denmark are used only for local injections (eg, in the treatment of bursitis and synovitis).
We defined current users of glucocorticoids as patients who filled their most recent prescription for glucocorticoids within 60 days before the index date. 20 Because some adverse effects may arise shortly after initiation of therapy, and because inclusion of prevalent users may underestimate these complications, 21 we further categorized current users of glucocorticoids into 2 groups: new users, defined as having filled their first-ever prescription for glucocorticoids within 60 days before the index date, and longterm users, defined as current users who filled their first prescription more than 60 days before the index date. Patients who had filled their most recent prescription more than 60 days before the index date were defined as former users. Never users were defined as patients with no filled prescriptions for glucocorticoids registered in the prescription database.
Among users of prednisolone and prednisone, we examined a dose-response relation with the risk of atrial fibrillation or flutter. These drugs have clear indications and account for 80% of prescribed systemic glucocorticoids. We obtained data with regard to doses of tablets of prednisolone and prednisone prescribed most recently relative to the admission or index date and used these to compute odds ratios (ORs) for current low-dose use (2.5-mg or 5-mg tablets) and for current high-dose use (25-mg tablets).
COMORBIDITY
A number of risk factors for atrial fibrillation or flutter also may be associated with use of glucocorticoids. We therefore obtained data from the NRP on any previous hospital diagnosis since 1977 of cardiovascular diseases, COPD and asthma, diabetes, renal failure, inflammatory bowel disease, connective tissue disease and RA, liver disease and chronic pancreatitis, acute alcohol intoxication, alcoholism-related diseases, hyperthyroidism, and cancer. Associated ICD codes are provided in the eAppendix.
We used the prescription database to obtain data on ever use of antithyroid drugs, thyroid hormones, respiratory drugs, and cardiovascular drugs (with the inclusion of angiotensinconverting enzyme inhibitors, ␤-blocking agents, low-dose aspirin, statins, calcium antagonists, and other antihypertensives, diuretics, and nitrates) as markers of thyroid, pulmonary, or cardiovascular diseases. Any use of nonsteroidal antiinflammatory drugs or selective cyclooxygenase 2 inhibitors was also included as a potential confounder. Their ATC codes are provided in the eAppendix. To identify patients with atrial fibrillation or flutter treated only by their general physician (and therefore not registered in the NRP), we obtained data with regard to previous use of digoxin and vitamin K antagonists by all study participants before their index dates.
STATISTICAL ANALYSIS
We used conditional logistic regression to estimate ORs for atrial fibrillation or flutter among current and former users of glucocorticoids compared with never users, controlling for sex, age group, comorbidity, and drug use. Because we used risk set sampling of controls, the ORs are unbiased estimates of the incidence rate ratio. To not include patients with atrial fibrillation or flutter treated by their general physician without being previously hospitalized, we restricted the primary analyses to those cases and controls who had never before the index date filled a prescription for digoxin or a vitamin K antagonist. In a secondary analysis we included previous users of these agents. Another secondary analysis was limited to cases with atrial fibrillation or flutter recorded as the first listed diagnosis in the discharge summary and their controls. (The first listed diagnosis is the main reason for hospital admission or outpatient or emergency department visit.)
We repeated the analysis with the inclusion of only cases treated with cardioversion within 1 year after the index date and their controls, as a measure of severity of atrial fibrillation or flutter. To reduce potential confounding by indication, we also performed the analyses in prespecified subgroups of patients with and without cardiovascular diseases or cardiovascular drug use, COPD and asthma or respiratory drug use, and connective tissue disease and RA. We kept the matching in these subgroups and performed conditional logistic regression by means of only cases and controls with the subgroup disease.
To assess the impact of surveillance bias that stemmed from an increased number of hospitalizations among users of glucocorticoids, we repeated the analysis in subgroups defined by the number of hospital admissions in the year preceding the index date (0, 1, or Ն2 admissions). We also performed stratified analysis in age groups.
Statistical analyses were performed with SAS statistical software (version 9.1, SAS Institute Inc, Cary, North Carolina). The study was approved by the Danish Data Protection Agency (record 2004-41-4693) and the Aarhus University Registry Board.
SENSITIVITY ANALYSIS
We performed a sensitivity analysis to quantify the influence of potential unmeasured confounding on the observed association by means of a rule-out approach. 22 We estimated how strongly a single unmeasured binary confounder would need to be associated with glucocorticoid use and atrial fibrillation or flutter to fully explain our findings and illustrated this association graphically. We assumed that the prevalence of such a confounder was as common as smoking (30.0% of the population) and that 2.5% of the population used glucocorticoids.
If atrial fibrillation or flutter began before the date of the first diagnosis, we would also expect an increased risk in patients who filled prescriptions of glucocorticoids more than 60 days before the index date compared with never users. To examine the sensitivity of the estimates to differences in exposure definition, we therefore repeated the analysis for exposure (filled glucocorticoid prescription) within 30, 60, 90, 120, and 180 days.
RESULTS
DESCRIPTIVE DATA
We identified 20 221 patients with an incident hospital diagnosis of atrial fibrillation or flutter and 202 130 population controls, with the exclusion from both groups of persons with previous prescriptions for digoxin or vitamin K antagonists ( (Table 1) .
Among the cases, 35.1% had been previously diagnosed as having cardiovascular diseases other than atrial fibrillation or flutter, compared with 18.5% of the controls. Use of cardiovascular drugs was, as expected, more frequent among the cases than among the controls (69.6% vs 49.9%). In addition, COPD and asthma, diabetes, hyperthyroidism, and connective tissue disease and RA were more common among the cases than among the population controls (Table 1) . Inclusion of the 8100 cases with a history of digoxin or vitamin K antagonist use and their controls in the analysis had no major impact on the risk estimate for atrial fibrillation or flutter among current glucocorticoid users (OR,1.74; 95% CI, 1.64-1.85). The adjusted OR for atrial fibrillation or flutter among the 9901 cases with atrial fibrillation or flutter listed as the first diagnosis in the discharge record was 1.60 (95% CI, 1.43-1.78).
OVERALL RISK OF ATRIAL FIBRILLATION OR FLUTTER
FURTHER ANALYSIS
Among the new users of glucocorticoids, the adjusted OR was 3.62 (95% CI, 3.11-4.22), and among long-term users, the adjusted OR was 1.66 (95% CI, 1.53-1.80). Among current users of high-dose prednisolone or prednisone tablets, the adjusted OR was 4.03 (95% CI, 3.44-4.72), and the adjusted OR in current users of low-dose tablets was 1.78 (95% CI, 1.65-1.92), compared with never users of these drugs.
In the 1793 cases (8.9%) treated with cardioversion within the year after their first atrial fibrillation or flutter diagnosis, the adjusted OR for current glucocorticoid use was 1.86 (95% CI, 1.41-2.45). The risk of atrial fibrillation or flutter among current users of glucocorticoids remained elevated in analyses restricted to cases and controls with and without COPD and asthma and cardiovascular diseases ( Table 3) . The risk was also increased among patients with connective tissue disease and RA, although the associated estimates were statistically imprecise. Stratification by the number of hospital admissions in the year before the index date had only a minor impact on the adjusted relative risk estimates (no admissions: OR, 1.81; 95% CI, 1.65-2.00; 1 admission: OR, 1.33; 95% CI, 0.93-1.89; and Ն2 admissions: OR, 1.71; 95% CI, 1.29-2.27). a Adjusted for a previous diagnosis of cardiovascular diseases, chronic obstructive pulmonary disease and asthma, diabetes mellitus, renal failure, inflammatory bowel disease, connective tissue disease and rheumatoid arthritis, cancer, liver disease and chronic pancreatitis, acute alcohol intoxication, alcoholism-related diseases, hyperthyroidism, and use of nonsteroidal anti-inflammatory drugs or cyclooxygenase 2 inhibitors and cardiovascular, respiratory, and thyroid drugs.
SENSITIVITY ANALYSIS
The sensitivity analysis revealed that an unmeasured confounder that is 4 times more frequent among users than nonusers of glucocorticoids would need to increase the risk of atrial fibrillation or flutter by a factor of 9 or more to explain fully our finding of an adjusted OR of 1.92 (95% CI, 1.79-2.06), if no increased risk actually existed (Figure) . 
COMMENT
In this large, population-based, case-control study, we found that use of systemic glucocorticoids was associated with an almost doubled risk of atrial fibrillation or flutter. The risk was 4 times higher among new users of glucocorticoids compared with never users, and the finding was robust in patients with and without COPD or asthma and cardiovascular diseases.
Our findings extend the data from the 2 previous casecontrol studies with regard to glucocorticoid use and risk of atrial fibrillation. Van der Hooft et al 9 analyzed 385 new cases of atrial fibrillation and 6364 controls in a casecontrol study nested within The Rotterdam Study, a prospective cohort study of persons 55 years and older. Beforehand, 50 patients (11%) were excluded because of a missing index date or because atrial fibrillation was discovered coincidently. Current glucocorticoid use was as- Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; OR, odds ratio; RA, rheumatoid arthritis. a Adjusted for a previous diagnosis of cardiovascular diseases, COPD and asthma, diabetes mellitus, renal failure, inflammatory bowel disease, connective tissue disease and RA, cancer, liver disease and chronic pancreatitis, acute alcohol intoxication, alcoholism-related diseases, hyperthyroidism, and cancer, and use of nonsteroidal anti-inflammatory drugs or cyclooxygenase 2 inhibitors and cardiovascular, respiratory, and thyroid drugs. Figure. Sensitivity analysis that illustrates how strongly an unmeasured confounder would need to be associated with glucocorticoid use (odds ratio [OR] for exposure-confounder association, OR EC ) and atrial fibrillation or flutter (relative risk of the disease in patients with the confounder, RR CD ) to fully explain our estimates. The solid line represents the adjusted OR and the dashed line represents the lower limit of the 95% confidence interval for the adjusted OR.
sociated with a markedly increased risk of atrial fibrillation (adjusted OR, 3.75; 95% CI, 2.38-5.87). 9 The association was stronger among new users and users of high-dose glucocorticoids, especially among those with indications other than COPD and asthma. 9 The associations were not studied among former users, for whom the indication for glucocorticoid treatment may be the same.
By means of the UK General Practice Research Database, Huerta et al 10 included 468 cases with atrial fibrillation in a case-control study with regard to respiratory medication and risk of arrhythmias in patients with COPD. Use of oral glucocorticoids was associated with an increased risk of atrial fibrillation even after adjustment for comorbidity, with the inclusion of COPD and asthma exacerbation during the previous year (adjusted OR,1.9; 95% CI, 1.4-2.6). 10 However, the study included only COPD patients, and the results may not hold for other patient categories.
The main strengths of our study include its populationbased design within the setting of a free tax-supported universal health care system, which largely removes referral and selection biases. The study population was large and yielded robust and consistent estimates in subanalyses. The positive predictive value of the atrial fibrillation or flutter diagnosis in the NRP has been reported to be as high as 97%, which implies that coding errors should have had only a minor influence on our results. 16 We were unable to separate atrial fibrillation and flutter. Because only 5% of cases are expected to have atrial flutter, our results are driven by atrial fibrillation, but the association is not necessarily the same for flutter.
Glucocorticoid users may have higher hospitalization rates than nonusers and thus an increased likelihood of being diagnosed as having asymptomatic atrial fibrillation; however, we found virtually the same risk estimates regardless of the number of hospital contacts within 1 year before the index date and in the cases with atrial fibrillation or flutter listed as the main reason for hospitalization. Thus, any surveillance bias is unlikely to fully explain our findings. 23 Data in the prescription databases are complete. 13 Although we had to use redemption of a prescription as a proxy for actual glucocorticoid use, the direct beneficial effects of glucocorticoids on a wide range of symptoms, as well as copayment requirements, increased the likelihood of compliance. Any noncompliance most likely was independent of subsequent atrial fibrillation or flutter and would attenuate the relative risk estimates toward the null.
Patients with any previous prescription for digoxin or vitamin K antagonists were not included in the primary analysis, and we may thus have missed patients with severe heart failure, deep venous thrombosis, pulmonary embolism, and artificial cardiac valves. However, this factor is unlikely to bias our results because inclusion of these patients in a secondary analysis left the overall risk estimate virtually unchanged.
Our nonrandomized study may be vulnerable to unmeasured and uncontrolled confounding, in particular, by the underlying diseases that lead to glucocorticoid use. Former glucocorticoid use was not associated with an increased risk of atrial fibrillation or flutter, whereas the highest risk occurred among new users and users of highdose tablets. Despite this evidence of a dose-response relationship, we cannot rule out at least some influence of disease severity because new users and high-dose users may have more severe underlying disease. However, we found a consistently elevated risk of atrial fibrillation or flutter among glucocorticoid users in analyses stratified by indications for glucocorticoid use.
We had incomplete data on lifestyle factors, with the inclusion of smoking and obesity; however, adjustment for COPD and asthma and ischemic heart disease accounted for at least some of the effects of these factors. The sensitivity analysis showed that the increased risk of atrial fibrillation or flutter associated with glucocorticoid use could not be explained by even a strong single unmeasured confounder. Furthermore, risk of atrial fibrillation or flutter was not elevated in former users of glucocorticoids expected to have lifestyles similar to the current users.
We do not have data with regard to the mechanism that underlies our finding. Long-term glucocorticoid use is associated with increased risk of atherosclerosis, diabetes mellitus, hypertension, heart failure, and ischemic heart disease, 2 which are well-known risk factors for atrial fibrillation. [24] [25] [26] However, our finding of the highest risk among new users of glucocorticoids indicates either a short-term adverse effect (eg, development of hypertension within a few days after commencement of glucocorticoid treatment) 19 or an effect associated with the severity of the underlying disease (eg, inflammation). 27 Glucocorticoids may also increase plasma volume and induce hypokalemia by mineralocorticoid-like action, 2 and it has been suggested that even a subclinical fluctuation of serum potassium level from a local cellular potassium efflux owing to a direct effect on the cell membrane may induce arrhythmias. 7, 8 In conclusion, this large, population-based, case-control study showed that current use of systemic glucocorticoids is associated with increased risk of atrial fibrillation or flutter. 
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